Hostility is a personality trait associated with increased risk of coronary heart disease. No study has reported the association between hostility and antioxidants, which may be mediators for atherosclerosis. CARDIA (Coronary Artery Risk Development in Young Adults) Study participants were 3,579 men and women 18-30 years of age in [1985][1986]. Serum carotenoids and tocopherols were measured at years 0 and 7, and hostility was measured at years 0 and 5. Analysis of covariance was used to test for covariate-adjusted differences in serum carotenoids and tocopherols across quartiles of hostility. After adjustment for age, gender, race, serum lipids, and baseline of the dependent variable, the mean carotenoid values at year 7 of the lowest and highest quartiles of hostility score at year 0 were 3.9 and 3.3 lg/liter for alpha-carotene (p < 0.001), 9.1 and 8.0 lg/liter for beta-cryptoxanthin (p < 0.001), and 50.6 and 46.8 lg/liter for the sum of four carotenoids (p < 0.001). Hostility scores at year 0 were unrelated to year 7 lycopene and tocopherols. In contrast, neither year 0 carotenoids nor tocopherols predicted the hostility score at year 5. High hostility predicted future low levels of some serum carotenoids, which may help to explain the association of hostility and cardiovascular risk observed in other epidemiologic studies.
presented a coherent theory linking the oxidation of low density lipoprotein particles and their uptake by macrophages with the pathogenesis of atherosclerosis.
Hostility is also associated with cardiovascular disease, for example, increased risk of hypertension (5) , lipid metabolic disorder (6) , progression of carotid intimal-medial thickness (7) , and coronary heart disease incidence (8) . The causes and mechanisms of these associations are independent of standard risk factors for coronary heart disease. Therefore, it is plausible that oxidative damage to cells and tissues may be an explanation for the association of a high hostility level with incidence of cardiovascular diseases. No study, however, has been conducted to examine the relation between hostility and serum levels of antioxidants.
We hypothesize that hostility level is associated with changes in several serum antioxidants (carotenoids and tocopherols), even after accounting for confounding with health behaviors that are associated with both hostility and antioxidants. The hypothesis is supported by previous reports that showed positive relations between hostility and lifestyles such as alcohol consumption and current smoking (9, 10) and between serum antioxidants and lifestyles such as diet and smoking (11) . Our underlying assumption is that a hostile state is accompanied by oxidative stress, which results in lower levels of serum antioxidants. Because a recent prospective study showed that concentrations of serum carotenoids were inversely associated with incidence of diabetes in nonsmokers but not in current smokers (12) , we specifically considered whether the associations of carotenoid concentrations with hostility were modified by smoking.
MATERIALS AND METHODS

Study population
The Cardiovascular Risk Development in Young Adults (CARDIA) Study is a longitudinal investigation of coronary heart disease risk factors in 5,115 men and women aged 18-30 years at study inception. Details of the study design, recruitment, and procedures have been published elsewhere (13) . Participants were recruited between 1985 and 1986 at four US clinical sites: Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California. Participants were reexamined at 2, 5, 7, 10, and 15 years postbaseline, with reexamination rates among surviving cohort members of 91 percent, 86 percent, 81 percent, 79 percent, and 74 percent, respectively. The CARDIA Study sample was approximately balanced by age (45 percent aged 18-24 years, 55 percent aged 25-30 years), race (52 percent Black, 48 percent White), sex (46 percent men, 54 percent women), and education (40 percent having completed 12 years of education, 60 percent having completed >12 years). The Young Adult Longitudinal Trends in Antioxidants (YALTA) Study is an ancillary study to the CARDIA Study, the sole activity of which is to do biochemical assays on CARDIA Study samples. The study protocol was approved by the institutional review boards at each site, and informed written consent was obtained from each participant.
Measurements
Information on demographic characteristics (age, gender, and race) and education was collected via self-report on standardized questionnaires at each examination. Hostility levels were measured by the Cook-Medley 50-item scale, with possible scores ranging from 0 to 50 (low to high) (14) . This questionnaire was self-administered at baseline and again during the year 5 examination. On the basis of the response, we computed global hostility scores that ranged from 1 to 46 in this sample.
During the examination, height and weight were measured. Body mass index was calculated as weight (kg)/ height (m) 2 . Standard questionnaires were used to maintain consistency in the assessment of demographic and behavioral information across CARDIA Study examination visits. Information on alcohol consumption and cigarette smoking was determined by structured interview or by self-administered questionnaire. Alcohol intake (ml/day) was computed from the self-reported frequency of beer, wine, and liquor consumed per week. The interviewer-administered CARDIA Study diet history asked open-ended questions about dietary consumption in the past month within 100 food groups; this information was obtained at years 0 and 7, referencing 1,609 separate food items (15) . Habitual physical activity was measured by use of the CARDIA Study Physical Activity History, a simplified version of the Minnesota Leisure Time Physical Activity Questionnaire (16) . Participants were asked about the frequency of participation in 13 different activity categories (eight vigorous and five moderate) of recreational sports, exercise, leisure, and occupational activities over the previous 12 months. Because participants were not asked explicitly about duration of activity, physical activity scores are expressed in exercise units. A score of 100 exercise units is roughly equivalent to participation in a vigorous activity for 2 or 3 hours/week for 6 months of the year.
Participants were asked to fast at least 12 hours and to avoid smoking and heavy physical activity for at least 2 hours before each examination. Blood was drawn from participants, and aliquots were stored at ÿ70°C until shipped on dry ice to a central laboratory. Plasma lipids from years 0 and 7 were measured at the University of Washington Northwest Lipid Research Clinic Laboratory (Seattle, Washington). Total cholesterol and triglycerides were measured by enzymatic methods. High density lipoprotein cholesterol was assayed after dextran sulfate-magnesium precipitation, and low density lipoprotein cholesterol was estimated from the Friedewald equation (the latter was not estimable in 11 participants who had triglyceride levels greater than 400 mg/dl). Gamma-glutamyltransferase (GGT) was measured with a SMAC II continuous-flow analyzer (17) . Because in our data GGT appears to be an important oxidative stress marker (17), we analyzed it using year 0 and 10 data.
Serum obtained at CARDIA Study years 0 and 7 was used 8 years postbaseline to assay alpha-and gamma-tocopherol and the carotenoids alpha-and beta-carotene, lycopene, zeaxanthin plus lutein, and beta-cryptoxanthin (Molecular Epidemiology and Biomarker Research Laboratory, University of Minnesota, Minneapolis, Minnesota). Although blood contains a wide variety of antioxidant compounds, we focused on carotenoids and tocopherols because of their relatively high concentrations and close association with diet. The tocopherols and carotenoids were measured by a high-performance liquid chromatography-based assay. The assay was a modification of the method of Bieri et al. (18) with calibration as described by Craft et al. (19) and sample handling as described by Gross et al. (20) . The intraclass correlation coefficients (ratio of between-person variance to between-plus within-person variance) were 0.93 for alpha-carotene, 0.98 for beta-carotene, 0.73 for lutein/ zeaxanthin, 0.97 for beta-cryptoxanthin, and 0.73 for lycopene (21) .
Statistical analysis
We excluded participants with missing hostility data (n ¼ 199) at baseline and participants missing either year 0 or year 7 serum carotenoids or tocopherols (n ¼ 1,337); most of the latter did not attend the year 7 examination. The remaining 3,579 participants were included in the analyses. There were no differences in baseline body mass index, serum lipids, and antioxidants, except for gamma-tocopherol, between the participants who did and did not complete the follow-up examination. In addition, there were no differences in hostility scores at baseline and year 5 between the two groups, although the mean body mass index at year 7 was higher among the participants who did not complete the follow-up examination than among the participants who did.
Cross-sectional associations were studied between year 0 serum antioxidants and year 0 hostility. Longitudinal associations were then studied between year 7 serum antioxidants as dependent variables and year 0 hostility as an independent variable, as well as between year 5 hostility as a dependent variable and year 0 serum antioxidants as independent variables. The latter were included to determine antecedent and consequent relations between the variables of interest, as it is possible that the associations were bidirectional. Analysis of covariance was used to examine the association of the quartiles of hostility with cardiovascular risk factors, adjusted for age (years), gender, race, low density lipoprotein cholesterol, high density lipoprotein cholesterol, and triglycerides (mg/dl), as well as the baseline of the dependent variable in longitudinal analysis. Blood lipids were included in the minimally adjusted model following recommendations for lipid standardization of fatsoluble antioxidant concentrations (22) . Further covariates in the fully adjusted model included alcohol consumption (ml/day), smoking status (never, former, current smokers), body mass index (kg/m 2 ), educational level, and physical activity. p values for tests of linear trends were calculated by use of the median value of hostility or antioxidant variable quartiles. We repeated the analyses after stratifying by smoking status (never/former, current smokers), alcohol consumption (never/former, current drinkers), and supplement use (nonuser/user of alpha-tocopherol, beta-carotene, and vitamin A or C). Table 1 shows age-, gender-, and race-adjusted mean values or proportion of risk characteristics at baseline according to hostility scores. As previously shown, younger age, African-American race/ethnicity, male sex, and shorter duration of education were associated with higher hostility scores, as were higher body mass index, ethanol intake, total energy intake, and proportion of current smoking also (10, 11) . Furthermore, the mean values of triglycerides, GGT, and meat intake were positively associated with hostility scores. Most carotenoids except lycopene were inversely associated with body mass index, smoking, ethanol intake, total energy intake, and meat intake and positively associated with physical activity, fish intake, vegetable intake, and fruit intake, whereas the associations of lycopene and tocopherols with lifestyle factors were inconsistent (table 2) .
RESULTS
Age-, gender-, race-, and serum lipid-adjusted mean values of alpha-and beta-carotene, zeaxanthin/lutein, betacryptoxanthin, and their sum at year 0 were significantly inversely associated with hostility scores at year 0 (table  3) , while year 0 lycopene and tocopherols were unrelated to hostility. The associations of carotenoids with hostility were attenuated after adjustment for covariates, but they remained statistically significant.
The mean values of most carotenoids and tocopherols increased slightly from year 0 to year 7 (22): 2.7 and 3.7 lg/ dl for alpha-carotene, 15.3 and 18.0 lg/dl for beta-carotene, 18.5 and 19.1 lg/dl for zeaxanthin/lutein, 8.4 and 8.4 lg/ dl for beta-cryptoxanthin, 30.1 and 32.6 lg/dl for lycopene, 45.0 and 49.3 lg/dl for the sum of four carotenoids, 91.9 and 101.7 lg/dl for alpha-tocopherol, and 19.8 and 19.1 for gamma-tocopherol. There was a moderate to strong correlation between the values of years 0 and 7; the tracking correlation coefficients were 0.55 for alphacarotene, 0.48 for beta-carotene, 0.62 for zeaxanthin/ lutein, 0.51 for beta-cryptoxanthin, 0.47 for lycopene, 0.61 for the sum of four carotenoids, 0.55 for alpha-tocopherol, and 0.47 for gamma-tocopherol.
The mean value of hostility score decreased from year 0 (mean: 19.3) to year 5 (mean: 16.9), with tracking correlation between examinations ¼ 0.65 (p < 0.0001). In age-, gender-, race-, serum lipid-, and baseline carotenoid-or tocopherol-adjusted longitudinal analyses (table 4) , hostility scores at year 0 significantly inversely predicted alpha-and beta-carotene, zeaxanthin/lutein, beta-cryptoxanthin, and their sum at year 7. However, hostility scores were not associated with serum lycopene and tocopherols at year 7. In gender-race-specific analyses, the associations of hostility score with carotenoids were consistent in each genderrace group, except for the lack of associations of hostility with alpha-carotene in White men and the sum of four carotenoids in White women (data not shown).
Findings were attenuated by additional adjustment for body mass index, alcohol consumption, smoking, physical activity, and education, but statistical significance remained for alpha-carotene, beta-cryptoxanthin, and the sum of four carotenoids. Further adjustment for dietary factors (energy intake, meat intake, vegetable intake, fruit intake, and fish intake) and GGT did not alter these associations materially. The adjusted mean values within the lowest and highest quartiles of hostility score at year 0 were 3.8 and 3.5 lg/ dl for alpha-carotene (p trend ¼ 0.04), 8.8 and 8.2 lg/dl for beta-cryptoxanthin (p trend ¼ 0.01), and 49.8 and 48.0 lg/dl for the sum of four carotenoids (p trend ¼ 0.07). Furthermore, in age-, gender-, race-, serum lipid-, and baseline carotenoid-or tocopherol-adjusted longitudinal analyses, the hostility score at year 5 significantly inversely predicted alphaand beta-carotene, zeaxanthin/lutein, beta-cryptoxanthin, and their sum at year 7. The adjusted mean values within the lowest and highest quartiles of hostility score at year 5 were 3.9 and 3.4 lg/dl for alpha-carotene (p trend ¼ 0.001), 19.2 and 16.8 lg/dl for beta-carotene (p trend ¼ 0.003), 19.8 and 18.4 lg/dl for zeaxanthin/lutein (p trend < 0.001), 9.2 and 7.8 lg/dl for beta-cryptoxanthin (p trend < 0.001), and 51.9 and 46.7 lg/dl for the sum of four carotenoids (p trend < 0.001). In contrast, after adjustment for baseline hostility score and covariates, neither carotenoids nor tocopherols at year 0 predicted the hostility score at year 5 (table 5) . There were no significant associations between changes in hostility score from baseline to year 5 and changes in carotenoids from baseline to year 7 (data not shown). Hostility scores at year 0 did not predict serum GGT at year 10 (data not shown).
The associations of hostility score at year 0 with serum carotenoids and tocopherols at year 7 did not differ between current (n ¼ 1,026) and never/former (n ¼ 2,530) smokers (p interaction > 0.15). Age-, gender-, race-, serum lipid-, and baseline value-adjusted mean values of the sum of four carotenoids for participants with the lowest and the highest quartiles of hostility were 39.8 versus 37.5 lg/dl in current smokers (p trend ¼ 0.046) and 54.5 versus 51.1 lg/dl in never/ former smokers (p trend ¼ 0.03), respectively. In addition, we found no interaction with other potential effect modifiers: Values for p interaction of the sum of four carotenoids were 0.36 for alcohol drinkers (n ¼ 2,207) versus nondrinkers (n ¼ 1,354), 0.27 for supplement users (n ¼ 1,114) versus 
DISCUSSION
The main findings of the present longitudinal study were that Cook-Medley hostility scores at baseline were inversely associated with age, gender-, race-, serum lipid-, and baseline carotenoid-or tocopherol-adjusted values of serum alpha-carotene, beta-carotene, beta-cryptoxanthin, zeaxanthin/ lutein, and the sum of four carotenoids at year 7, but not with lycopene, alpha-tocopherol, or gamma-tocopherol. Although the associations were attenuated after adjustment for lifestyle factors that are associated with an increased hostility score, associations with alpha-carotene, betacryptoxanthin, and the sum of four carotenoids remained statistically significant. An association of hostility with incidence of coronary heart disease is well established, but the mechanisms underlying this association remain unclear. Our findings are consistent with the hypothesis that hostility may be associated with incidence of coronary heart disease in part through an associated decrease in some serum carotenoids, likely as a reflection of oxidative stress.
Although several studies have reported the associations of hostility with cardiovascular risk factors such as hypertension (5), metabolic syndrome (23), fibrinogen (6) , and platelet activity (24) , no study to date has reported an association between hostility and serum carotenoids. Previous studies showed that psychological factors such as depression and job stress were inversely associated with serum carotenoids or other serum antioxidants (25, 26) . Our results provide further evidence that inverse associations between hostility scores and serum carotenoids were observed in women and men, both cross-sectionally and longitudinally.
Potential pathways through which hostility might decrease serum carotenoids have not been fully elucidated. High-hostility individuals smoke more (10) and consume more alcohol (10) and animal fat (27) and less fish (28) than low-hostility individuals. Thus, health-related behaviors could be an important factor mediating the influence of hostility on serum carotenoids. As we expected, the significant associations of hostility with serum carotenoids 7 years later were reduced after adjustment for health-related behaviors, but they remained statistically significant. Further, in analyses stratified by smoking, alcohol consumption, and supplement use, the associations between hostility and serum carotenoids were observed in nonsmokers, nondrinkers, and nonusers of supplement. Therefore, health behaviors accounted for some but not all of the variance in the association between hostility and serum carotenoids in our data. On the other hand, we cannot fully rule out residual confounding.
Compared with low-hostility individuals, high-hostility individuals in prior studies tended to feel more psychological stress (29) and to have higher cardiovascular reactivity during mental stress (30) . In a comparison of those under little psychological stress with those under psychological stress, a previous study (31) has found elevations of oxidative stress in those with psychological stress. Conceivably, high-hostile individuals might benefit from consumption of more antioxidant-rich foods to combat oxidative stress. Such a recommendation may not extend to antioxidant supplements, as supplementation with isolated compounds outside the food matrix has been shown in several clinical trials to have adverse effects (32) . Moreover, high hostility could be associated with an elevation in inflammatory markers, such as fibrinogen and C-reactive protein (6, 33) . Because inflammatory insults could lead to a reduction in serum carotenoids (34, 35) , high hostility may decrease serum carotenoids via inflammatory changes in the body. In this study, the mean values of body mass index and serum GGT were positively associated with the hostility score at baseline. Because body mass index and serum GGT were inversely associated with serum carotenoids (17, 36) and positively associated with serum C-reactive protein (37, 38) , these factors, in part, may affect the associations between hostility and serum carotenoids.
Lycopene, alpha-tocopherol, and gamma-tocopherol were not associated with hostility in the present study either cross-sectionally or longitudinally, although we have no clear explanation for these differences among serum antioxidant substances. Several health-related behaviors related to hostility were associated with serum alpha-and betacarotene, beta-cryptoxanthin, and the sum of four carotenoids but not with lycopene and tocopherols, which might explain, in part, the different associations of hostility with the carotenoids and tocopherols. In this study, meat intake was significantly inversely associated with age-, gender-, race-, and serum lipid-adjusted serum alpha-carotene, beta-carotene, beta-cryptoxanthin, and the sum of four carotenoids but positively associated with gamma-tocopherol and lycopene. Further, alcohol intake was significantly inversely associated with age-, gender-, race-, and serum lipid-adjusted serum alpha-carotene, beta-carotene, betacryptoxanthin, and the sum of four carotenoids but positively associated with lycopene. Thus, the mean value of lycopene measured in this study may be a marker of other lifestyles, not of oxidative stress.
We caution that the differences in multivariate-adjusted mean values of year 7 carotenoids between the lowest quartile and the highest quartile of year 0 hostility scores were relatively small, even though significant. Therefore, it is not clear whether or not the differences are importantly related to the risk of coronary heart disease. However, the associations of hostility with the incidence of cardiovascular events are dose dependent (1), suggesting that the observed differences may be meaningful to public health. Another limitation of this study is that, since our study was of healthy young adults, we could not examine the association between hostility and the incidence of coronary heart disease. Therefore, it is not clear whether or not the hostility-associated decrease of serum carotenoids could predict future incidence of coronary heart disease. We analyzed the associations between baseline hostility scores and serum carotenoids at year 7 using a single assessment of covariates at baseline, which may lead to an underestimation of the effects of lifestyle factors, such as smoking and alcohol consumption as they change over time, on the associations. However, even when we reanalyzed the associations between baseline hostility scores and serum carotenoids at year 7 using the data of covariates at year 5 or year 7, the trends of the associations were essentially the same.
The strength of the present study was our study's inclusion of a relatively large number of both African Americans and Whites. Further, we repeated the assessments of hostility after 5 years and of serum carotenoids and tocopherols after 7 years, which allowed us to perform longitudinal analyses. Finally, our ability to test the associations of baseline hostility with subsequent serum carotenoids and of baseline carotenoids with subsequent hostility allows us to establish that the association was unidirectional in this sample.
In conclusion, the present study showed that the inverse associations of hostility with serum carotenoids, but not lycopene or tocopherols, also existed over a 7-year followup in the CARDIA Study, suggesting that low levels of some serum carotenoids, conceivably reflecting oxidative stress, may be on the causal pathway in the association of hostility and cardiovascular risk. Whether any adverse effect of hostility on cardiovascular outcomes is mediated through decreasing serum carotenoids warrants further investigation.
